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(57) Abstract: The present invention relates to a process for isolating flax lignans. Specifically this invention provides a process 
for isolating and purifying secoisolariciresinol diglycoside (SDG) from crushed flaxseed by means of supercritical carbon dioxide 
^* extraction and chromatographic separation. 
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Process for isolating and purifying secoisolariciresinol diglycoside (SDG) from flax- 

"seed'"' ! ' iV! * ''- ' •••»■■»'-'■■' ■• :'.ik;;.;7 - : . -.. 



The-presient invention relates to a process for isolating flax lignans. Specifically this inven- 
tion provides a process for isolating and purifying secoisolariciresinol diglycoside (SDG) 
from crushed flaxseed by means of supercritical carbon dioxide extraction and chroma- 
tographic separatibiL ' 



Lignans are honnoiie-like phytoestrogens occurring in plants, which act as'defeiice mecha- 
10 nisms of pliants against plant diseases and pests. In addition, they are related to 1 the' growth 
regulation of plants. Lignans belong to phenolic compounds and they have a dibenzyl bu- 
tane structure. Lignans, occur in nature as free or as glycosides. 

'■ ' ' ' '" "' ,,r " ' ' • < 'i--.«;.i>ir' Mi-Co--; '/ a M T'-TWi**- . 

,." ; Lignans ajre; cdi^pnly foim^ . in vegetable kingdom, and over 200' different lignans are 
15 already known. Flax {Linum usitatissimum) is a very good source of lignans; flaxseed, conf 

tarns substantially more lignans than any other plant-denyed .food. ; The ligir 

nan of flax is secoisolariciresinol, the concento 

to be 675 jag/g (wet weight)(Cassidy et al. 2000): .' .'.'! .' ' rV, ,\-^-]'' r . ?W 



20 The lignans occurring in flax, secoisolariciresinol and matairesinol, act as precursors . fbt 
the bacterial synthesis of the human lignans, enterolacton and enterodiol. Intestinal iriii 
crobes metabolise/convert the flax lignans (secoisolariciresinol, SECO and its glycoside, 
SDG) to mammalian lignans. Conversion of SDG in the gastrointestinal tract begins wiM 
the hberation of the carbohydrate portion, caused by the gastric juice, the enzymes of tip 

- . - 

25 gastrointestinal tract, or microbes, whereby SDG is first converted to the corresponding 

• -•• .• 

aglycone form to SECO. After that the microbes metabolise SECO to enterodiol, which is 
oxidised to enterolacton, which is no more metabolised by the microbial flora of the gas- 
trointestinal tract (Borriello et al 9 1985). Conversion of SDG to a biologically active form 
demands deletion of the carbohydrate portion and two methyl groups and two hydroxyl 
30 groups. The intestinal microbial flora is different for each person, and maybe due to this 
fact the production of biologically active lignans is on different level in each individual 
(McBurney & Thompson, 1989; Zhang etal. 9 1999). 



»f»5>>Jr.. 
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According to, experimental, and epidemiological studies phytoestrogens have physiological 
effects. Lignans have been shown to have anticarcinpgenic effect in : cell cultivations in 
vitro and in animal experiments in vivo (Cassidy et al, 2000). Lignans are also antioxi- 
dants and can thu^ e.g. . lipid peroxidation and act positively on development of 
5 cardiovascular diseases (Prasad, 1997). This Idea; is-Mppprted^ 

studies (Vanharanta et al 7 1999). In addition, lignans have been reported to have antiviral 
and bactericidal activity (Adlercreutz, 1991),, ; ; > ( h^-m;; 

; Although, pc^^ This is 

10 ; ;s partly r due. the : 4ifficultijes isolate. these ; cpmppunds. tTo, isplate lignans 

.•.in : :labp.ratpry : scale J methods; b.ased; : pn extraction; (splyen^superjcritk 

.,. , ^i.p^sep^on itiayq, bejarL,iis^ (Ha^is- A, JEfegerty^l9^3,, Lqjkova) etal y \991 y Muir & 

Wesro^ and a 

time-consuming process. ... . v /. v.-..-, 

15 . 

By means of the process disclosed in the present invention, .developed for isolation of flax 
lignans, secoisolariciresinol diglycoside can be produced more effectively than earlier. The 
process is based on supercritical extraction and chromatographic separation.. Potential tar- 
* gets of use for SDG are e.g. functional foods. 



20 

; Consequently, the pbj ect of the present invention is ,a process for isolating lignans, espe- 
cially SDG, from flaxseed, comprising first removing fat from, crushed flaxseed by means 
of supercritical carbon dioxide extraction, thereafter grinding the ^bst^tially fat-free 
crush obtained to a particulate powder, and extracting therefrom SDG into alkaline lower 
25 alcohol. The alcohol solution is centrifuged and the supernatant, is neutralized, concen- 
trated and fractionated chromatographically. From the eluate SDG-rich fractions are re- 
covered and, when desired, further purified. 



The invention is further illustrated in the following, referring to the enclosed drawings, in 
30 which 

Figure 1 shows a flow chart of the SDG separation and purification method according to 
the present invention. 
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Figure 2 shows a HPLC chromatogram at the wavelength of 280 nm of SDG isolated and 

purified according to the present invention. 

". - • • 

Figure 3 shows the UV spectrum at the wavelength of 200-400 nm of SDG isolated and 
5 purified according to the present invention. 

Removing fat from crushed flaxseed 

Fat is removed from crushed flaxseed, cold-pressed for extracting lignans, by means of 
supercritical carbon dioxide extraction equipment : The easily extractable fat is first re- 
10 moved from crushed flaxseed by means of supercritical darbon dioxide/ Appropriate ex- 
traction conditions'^ are eig: ^1-5 hours; pressure 300-^450 atm arid temper kure 50-80°C. 
Crushed flaxseed' can be re-extracted 5 with ' supercritical' carbon dibxide : ihbdified with 
lower alcbho 

at 50-80°C. An appropriate amount of lower alcohol is ; '5~16%V'Ws ; "kina'of additional 
15 extraction enables further removal of more polar fat components and other undefined fat- 
soluble org^c compounas from tfcecrusli v ' ' : • 

Hydrolytic extraction of SDG 

Secoisolariciresinol diglycoside is tightly bound or otherwise completed in the flaxseed 
20 matrix, wherefore it is difficult to get notable amounts of it extracted by e.g. pure metha- 
nol. Therefore in the present 1 process alkaline lower alcohol, preferably methanol, but also 
ethanoC is iised for the extraction, and before the extraction the crush' is ground to a par- 
ticulate powder. ! l ' '" ' ■•...■:.-.<- . 

25 Therefore, the substantially fat-free crushed flaxseed obtained froin the supercritical chro- 
matography column is ground as particulate as possible! An appropriate particle size is 
imder 0.55 mm. The powder is extracted with alkaline lower alcohol, e.g. sodium hydrox- 
ide-methanol for about 24 hours in a conventional shaker or magnetic stirrer. 0.05-1M 
sodium hydroxide-methanol is preferably used, which is prepared by dissolving sodium 

JO hydroxide into water-free methanol e.g. in relation 1:20 (w/v). Extraction is preferably 
carried out under argon, for 16-24 hours. 
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In the connection ,of extractipn hydrolysis occurs. Thereafter either of the process steps (i) 
or (ii) is carried out: ... sf: ... y . : .. ^ -.«,./(.,•■:-.•..:,. • v.. 

(i) The alkaline lower alcohol is separated ,by ,centrifugipLgi frpm-.the .precipitation formed 
5 .during, tiie ,hydi;olysis. r ,Tlie Mpernarfaift, is. . c^efiiUy - sep^ated .e.g.: =intp : a volumetric flask, 

after whicb it is neutralizjed by adjusting its pH with an acid, e.g. concentrated hydrochloric 
acid, to pH 6-7, /The precipitating salt: is let to settle in the bottom of the flask. The extract 
is carefully decanted from the top of the precipitated salt. The salt is washed for a few 
times more with lower alcohol and the combined alcohol extracts are evaporated almost to 
10 ; ; <^ness,}fo^ Waters C18 

. 1^5 k A)4s ; added intQ for ^instance; in ^proportion 4 :l,(wAv) and the 

, sample .is • evaporated; with a rotary evaporator .as.diy, as possible. io . & \ n 

(ii) The pH of the eluate is adjustedito 6-7,-With a cdncentratedracid. The: solid matter and 
15 the extract are separated from each other by centrifuging, whereafter the supernatant is 
; r: . carefully ; decanted intck a ^ 'arrouhd-bottorriLed flask. The 

v;superriata:ntfis evaporated almost to dryness^ whereafter pfeparative-G18-material is added 
ir to the solution, and; the; sample is evaporated with a rotary- evaporator ?as dry as possible. • 

-I? •'■«.:i!rK«l -W*«n*in -: : .;: >•'.... VI yY.V J..lh ! H IK', I'K- •« : b • ' < M 'iLjMLUi • . : " V'..' ■ 

20 ! Chromatographic enrichment of SDG : ? ! T Vir-: v r r: 
. •/ ; A ^mixture ;;having^-the>:sample ? mixed < <'with-i *the ; • CI SrriiateriaL 1 - -is- » -packed- in a Flash 
; . . chromatography system. The /column is finally equilibrated with- water-methanol or water- 

r 

ethanol used as the eluant; I SDG is eluted from the sample cartridge to the purification 
• ■ - t ^column^ with a water-methanol or water-ethanol mixture^ The eluate flowing through the 
25 : ; colurn is collected.. Finally, the purification column- is washed with methanol-water of etha- 
npl-water before the following run... . -i.*Nr-; •« i ^o-i 

The sample-C18-mixture ; can also be, packed into an open C18-chromatography column 
and SDG can be correspondingly eluted therefrom with aqueous lower alcohol, e.g. metha- 
30 nol or ethanol. 



Analysis of SDG 

SDG is analysed from the extracts with High Performance Liquid Chromatography 
(HPLC). As an analytical column a reverse phase column is preferably used, and as an 
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eluant a gradient of a phosphate buffer and methanol. Identification of the compound is 
carried out on the basis of the retention time and UV-spectrum. 

Storage and further purification of SDG 

5 After the analysis the SDG-rich fractions aire pooled and evaporated as dry as possible. The 
sample is transferred quantitatively with a small amount of water into a freezer box, deep- 
frozen arid lyophilised. Lyophilised 1 SDG is a yellowish powder, whose purity is at least 

'• 80%: '■' ■ 1 ■ • : . 

10 If necessary;; the isolated SDG can be further purified with an open C18-cbliimn The ly- 
( ophilised; SDGis dissolved into a small amount- of water ; and fed into thec^himn Salts and 
other undefined matter are' eluted with water, after which SDG is eluted from the column 
with lower alcohol, e.g. methanol or ethanol Alcohol is evaporated in a rotary evaporator, 
^whereby SDG is obtained as crystallized. Its purity is at lieast 90%r ' ■ r 

■>>[•■. LBycmeaiiS'of this invention SDG can be separated and purified from flaxseed as pure and 
i .n is with-good yieldvrThe fact that fat is removed from cm shed^^^fl 

» vents can,T for instance, be considered' as an advantage of the process with respect to known 
technology. In addition, the direct alkaline decomposition in lower alcohol liberates SDG 
20 effectively from the flax matrix, and at 'the same time, degrades the* so-called flax gum, 
.. which can disturb, the isolation of SDG; The eluate is water-free ind, consequently, evapo- 
ration; thereof e.g. in r a; rotaiy evaporator is easier: and faster than that of aqueous eluate 
v systems. In the process according to the WO publication 96/30468 SDG is extracted with 
: 50-70% methanol, whereafter the extract is evaporated to a viscous liquid and decom- 
25 posed with a base. Evaporation of an aqtieous alcohol extract is much slower than that of 
mere methanol or ethanol. Furthermore, the fractionation of the compounds based on Flash 
chromatography used in the present invention is fast and efficient. The process according 
to the present invention is also easily scalable to industrial scale. ■ 1 
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Example 

Removal of fat from crushed flaxseed with supercritical extraction , 
l-r2 kg of cold-pressed crushed flaxseed, were extracted with supercritical carbon dioxide 
,5 at the pressure; of .450 atm and at the temperature of 70°C. Extraction time was about 5 
■ :' hours; Extraction of the material was continued for about 2 hours with supercritical carbon 
dioxide modified with ethanbL -After the extraction the fat-free crush was ground to a par- 
ticulate powder, the particle size of which was.<0.55 mm. 

; 10 ; Hydrolytic extraction of secoisolariciresinol diglycoside (SDQ) i 

1 00 g of fat-free, flaxseed powder were extracted with 200.0 ;ml of 1M sodium hydroxide- 
; methanol (1:20 w/v) under argon for 24 hours ina magnetic stirrer:; -HioVyj-r.. 

■■' • ■ • t 

After the extraction and hydrolysis the alkaline methanol was centrifuged (1500 rpm, 10 
15 : min), -The supernatant was; carefully separated into a? volumetric flask^: and its pH was ad- 
; /justed with concentrated hydrochloric acid< to pH 6-7: fThe precipitating salt was let to set- 
. .. tle. m of thepre- 

vi.: i cipitated salt; The salt was washed for a few times more iwith methanol. The combined 
: -methanol extracts were evaporated almost to dryness with a rotary evaporator. Preparative 
20 C18-material (Waters CI 8, 125 A) was added into the concentrated solution in the.sam- 
ple:C18 proportion of 4:1 (w/w) and the solution was evaporated with a rotary evaporator 
as dry as possible. 

Flash-chromatographic enrichment of SDG 

25 15 g of the sample:C18 mixture was packed into a sample cartridge of a flash system. A 
Flash 40 C18-column (Biotage) was activated with 300 ml of 80% methanol, 300 ml of 
50% methanol and finally with 300 ml of 40% methanol. The sample cartridge was cou- 
pled to the activated column. SDG was eluted from the sample cartridge with 650 ml of 
40% methanol. After this the sample cartridge was removed and the column was rinsed 

30 with another 350 ml of 40% methanol. The 40% methanol flowing through the column was 
collected into test tubes in 50 ml fractions. SDG was eluted from the Flash 40 C18-column 
between 250-450 ml. Finally the column was purified before the next run with 80% 
methanol. 
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f 

Analysis of SDG 

SDG was analysed froni the eluate fractions with high performance liquid chromatography. 
As the analytical column a reverse phase cohimn (Waters Nova Pak CI 8; 3.9 x 150 mm) 
5 was used, and as the eluant a gradient of 0.05M sodium dihydrogen phosphate buffer (pH 
2.9) and methanol. The identification of the compound was carried out on the basis of the 
retention time and UV-spectrum (200-400 nm)(Figures 2 and 3). ' 

Storage and further purification 

10 After the analysis the SDG-rich fractions were pooled and evaporated as dry as possible. 
' . ' The sample was transferred quantitatively with a small amount of water into a freezer box, 

deep-frozen and lyophihsed. Lyophilised SDG was a yellowish powder* whose purity was 

at least 80%. 

15 An aliquot of the isolated SDG was further purified with an open C18-column (Waters, 
preparative CI 8-column). The lyophilised SDG was dissolved into a small amount of wa- 
ter and fed into the column. Salts and other undefined matter were eluted from the column 
with water, after which SDG was eluted froni the column with methanol. Methanol was 
evaporated in a rotary evaporator, whereby crystalline SDG was obtained, the purity of 

20 which was about 90%. 
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1. A process for isolating secbisolariciresinol diglycoside (SDG) from flaxseed, character- 
ized in 

a) removing fats from cold-pressed crushed flaxseed with supercritical carbon dioxide 
extraction, 

b) grinding the substantially fat-free crushed flaxseed obtained to a particulate pow- 

■ *■ • * • i - * *. ■ 
der, 



c) extracting SDG from the powder obtained into alkaline lower alcohol, 
10 d) centrifugmg the lower alcohol solution obtained, and t neutali2iag . the? supernatant, 

e) recovering the supernatant, concentrating it and mixing it with C18-materfal, and 
evaporating- the solvent aimqst intq dryness' , '. ; . r ' 

f) fractionating the mixture obtained by flash chromatography, 

g) recovenng.SDG-nch fractions, and. 



1 5 h) purifying the SDG-rich fractions in an open CI 8-colurnn. 



r ) 



't ;n 



2. The process according to claim 1, characterized in that '& lower alcohol is used as an 
, ^adjuvant for t^e, supercritical, caxbon dioxide atthe final stage of the extraction. 

20 { .3. Tlhe pipcess / ^acpording to claim 2, characterized in that the lqwer .alcohol is ethanol. 

4. The process according to claim 1, characterized in that at stage b) the crushed flaxseed 
" is ground to a ponder with a particle size of 0.55 inm, : ■ * 



* 

25 5. The process according to claim 1, characterized in that the alkaline lower alcohol is 
water-free methanol or ethanol, wherein sodium hydroxide has been dissolved. 

6. The process according to claim 5, characterized in that the concentration of the sodium 
hydroxide in the lower alcohol is 0.05-1M. 



7. The process according to claim 1, characterized in that stage d) is carried out either by 
(i) centrifuging the lower alcohol solution, and thereafter neutralizing the supernatant by 
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adjusting its pH to 6-7 with a concentrated acid, of Qi) neutralising the alcohol solution by 
adjusting its pH to 6-7 with a concentrated acid, and thereafter centrifuging. 



8. The process according to claim 1, characterized in. that at stage f) the mixture is frac- 
5 tiohated by flash chromatography in a C18-column using watef-methanol or water-ethanol 
as an eluani 



9. The process according to claim 1, characterized in that at stage h) the mixture is frac- 
tionated by C18-chromatography in an open C18-column using lower alcohol as an eluant. 

10 

10. The process according to claim 9, characterized in that the lower alcohol is methanol. 
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